The majority of early-onset cases of FAD is caused by mutations in either of two related genes, termed the presenilins (Schellenberg et al., 1993; Levy-Lahad et al., Summary 1995a , 1995b Li et al., 1995; Rogaev et al., 1995; Sherrington et al., 1995) . Although some 30 point mutations Mutations in two related genes, presenilin 1 and 2, that cause FAD have been identified in PS1 and -2, they account for most early-onset familial Alzheimer's dishave provided little insight into presenilin pathophysiolease. Although structural features indicate that the ogy (for review, see Haass, 1996). Thus, while the A␤ presenilins are membrane proteins, their function(s) protein evidently forms the bulk of the amyloid deposits, is unknown. We have localized the presenilins to the and apoE4 and ACT have been shown to bind to A␤ and nuclear membrane, its associated interphase kinetopromote its polymerization into neurotoxic filaments, the chores, and the centrosomes-all subcellular strucfunction(s) of the presenilin proteins is unknown. tures involved in cell cycle regulation and mitosis. The
its localization becomes distorted, it was important to determine the subcellular location of the endogenous presenilin proteins. Specific antibodies to PS1 and PS2 were generated using, as immunogens, affinity-purified fusion proteins comprising different parts of the presenilin proteins linked to glutathione S-transferase (GST), which served both as a purification handle and a carrier protein for immunization. The two areas of PS1 and PS2 that show the least homology-the N-terminal and large hydrophilic loop (loop 6) regions (Figure 2A )-were selected for fusion to GST.
To verify the specificity of the two PS2 antisera, we tested their ability to detect FLAG-tagged PS2 proteins in extracts of transfected COS cells. Figure 2B shows a Western blot analysis of transiently expressed PS2 the full-length protein predicted from the size of the coding region of the PS2 cDNA. The FLAG antibody 1992; Winey et al., 1993; Ye and Worman, 1994 ; see also detected two smaller protein species, indicating discussion in Li et al., 1995) .
proteolytic processing similar to that observed for PS1 In order to obtain insights into the function of the (Mercken et al., 1996; Thinakaran et al., 1996) . That the presenilins, both in normal physiology and in Alzhei-40 kDa and 18 kDa species were derived from the mer's disease, we sought to determine the proteins' N-terminal and C-terminal parts of PS2, respectively, normal locations within the cell and have found that, could be deduced from the fact that each band was indeed, they are associated with the nuclear membrane detected with the FLAG antibody only when the FLAG and also with the centrosome and interphase kinetosequence had been placed at the appropriate (N or C) chores, structures involved in chromosome segregation.
end of the PS2 protein.
When antisera specific for the N-terminal and large Results loop regions of PS2 were used to probe parallel lanes of the Western blot described above, they only detected PS1 and -2 Localize to the Nuclear the 56 kDa FLAG-PS2 protein, the respective N-terminal Membrane in Transfected Cells and C-terminal fragments, and the endogenous monkey Two approaches were taken to determine the subcellu-PS2 protein. These results established that (a) the two lar location of the presenilin proteins. First, an antibody PS2 antisera are specific for the PS2 protein and (b) the against the FLAG peptide was used to label PS1-and bands of lower molecular mass represent fragments of PS2-FLAG fusion proteins expressed in transiently full-length PS2, rather than cross-reacting, but unretransfected COS cells. When strongly overexpressed, lated, species. the proteins appeared primarily in a reticular pattern in the cytoplasm, consistent with their being associated Localization of Endogenous PS2 to the Nuclear with the membranes of the endoplasmic reticulum (ER) Membrane, Centrosomes, and Kinetochores and Golgi (data not shown). A similar immunolabeling Specific PS2 antibodies were purified from the antisera pattern for PS1 had been previously observed in by subtractive absorption and used to label the endogetransfected cells and interpreted as supporting the hynous protein by Western blot analysis and immunocytopothesis that presenilins might affect APP processing chemistry. As shown in Figure 2C , both N terminal-and into the A␤ peptide (Kovacs et al., 1996; Moussaoui et loop-specific antibodies detected endogenous PS2 proal., 1996; Takashima et al., 1996; Walter et al., 1996) . tein in primary human fibroblasts. Absorption with the Such localization is, however, not unexpected for over-GST-PS2 fusion protein immunogen abolished the labelexpressed membrane proteins because the ER and ing. As in transfected cells, the major PS2 species was Golgi are the sites of their synthesis and processing.
full-length. We considered it potentially more significant that there
The intracellular location of endogenous PS2 was dewas strong immunolabeling of the nuclear membrane in termined by labeling human fibroblasts growing on cells expressing lower levels of the FLAG-PS1 and -2 cover slips. Figures 3A and 3B show PS2 labeling to be proteins (Figures 1A and 1B) . If the nuclear membrane primarily nuclear, a result which, in these flattened cells, rather than the ER and Golgi were the physiologically indicated nuclear membrane localization. In addition, relevant location of the presenilins in the cell, it would most cells evidenced a strong PS2-labeled spot adjasuggest a role very different from protein processing cent to the nucleus, suggestive of the centrosome. At and transport.
higher magnification, a pronounced punctate pattern of the nuclear labeling became apparent ( Figure 3C ). This Preparation and Characterization punctate nuclear labeling was highly reminiscent of the of Presenilin Antibodies image generated by antisera directed against the kinetoBecause cells transiently overexpressing transfected genes can synthesize a protein at such high rates that chore-the complex of proteins that is associated with Figure 2 . Western Blot Analysis of PS1 and -2 in Transfected COS Cells and Primary Fibroblasts (A) The predicted orientation of presenilins with respect to the nucleoplasm, based on the data of this paper, is shown. The most nonhomologous regions of the two proteins, to which specific antibodies were prepared, are indicated by dotted lines.
(B) Western blots of extracts of transfected COS cells expressing PS2-FLAG fusion proteins were probed with anti-FLAG antibody and with rabbit antisera directed against either the N-terminal or the loop regions of PS2. All antibodies detected full-length PS2 ‫65ف(‬ kDa). In addition, two major proteolytic fragments of PS2, from the N terminus and the C terminus, were detected with the appropriate antibodies. Specifically, the FLAG antibody detected a 40 kDa fragment when the FLAG tag was at the N terminus of PS2 and detected an 18 kDa fragment when the FLAG tag was at the C terminus of PS2. As expected for its large size (which likely extends into the loop region), the 40 kDa fragment was detected by both the N-terminal and loop antisera; the C-terminal 18 kDa fragment was detected only by the loop antiserum. The N-terminal and loop antisera also detected the endogenous monkey PS2 as a 52 kDa band. The larger endogenous ‫69ف‬ kDa band detected by the PS2-N antiserum is a PS2 dimer that often forms when, as in this experiment, the samples are not boiled prior to electrophoresis. (C) Affinity-purified PS2 N-terminal and loop antibodies were used to probe Western blots of electrophoresed extracts of normal human fibroblasts. Only the band identified in (B) as full-length PS2 is labeled, indicating that the affinity-purified antibodies only detect PS2. Absorption of the antibodies with the immunogens abolished the labeling. (D) Affinity purified PS1 N-terminal and loop antibodies each detected both the full-length PS1 translation product of ‫85ف‬ kDa and the appropriate N-terminal and C-terminal fragments in transfected COS cells. These bands were not detected in extracts from vector-transfected cells. A few endogenous monkey presenilin bands not present in human cells (panel E) were also detected. (E) Affinity-purified PS1 antibodies were used to probe Western blots of fibroblasts as in (C). Only the N-terminal and C-terminal fragments of endogenous PS1 were detected. Absorption of the antibodies with the immunogens abolished the labeling. the centromeres and serves to link them individually series of double label experiments. Fibroblasts growing on cover slips were labeled with both the rabbit PS2 to the spindle microtubules during mitosis and to the nucleoplasmic surface of the inner nuclear membrane loop antibody and one of several human autoimmune sera against either centrosomes, lamin, or kinetochores, during interphase (Brenner et al., 1981 , Moroi et al., 1981 for a review, see Mitchell, 1996) . When the nuclear followed by secondary antibodies carrying different fluorescent tags ( Figure 5 ). The human autoimmune sera membrane became fragmented in metaphase cells, the punctate appearance of the nuclear membrane labeling were obtained from three patients with scleroderma and have been shown previously to specifically label cenfor PS2 became correspondingly dispersed ( Figure 3D ), as if the kinetochores had become detached from the trosomes (antiserum 5051; Tuffanelli et al., 1983), lamin (antiserum LS1; McKeon et al., 1983) , or kinetochores still membrane-associated PS2 proteins. The now-duplicated centrosomes remained strongly labeled with the (antiserum 5944 from a CREST variant of scleroderma; F. McKeon, personal communication), respectively. The PS2 antibody (arrows).
To generalize the nuclear membrane and apparent colocalization of the various pairs of signals ( Figure 5 , orange labeling in the third image of each panel) identikinetochore labeling with the anti-PS2 antibodies, we extended the experiment by labeling lymphoblastoid fied the PS2 protein as closely associated with the the centrosomes, the nuclear membrane, and the kinetocells. The fact that the nuclei of these suspension cells remained round when they were placed on slides alchores when they are attached to the nuclear membrane during interphase. Absorption and other controls indilowed the punctate labeling to be clearly localized to the nuclear membrane. By adjusting the plane of focus cated that the labeling was specific. In every cell, many, but not all, presenilin and kinetochore spots colocalized, of the microscope to the center of the cell, the nuclear membrane labeling with both the N-terminal and loop and the relative strength of the diffuse nuclear membrane and the punctate labeling varied between different PS2 antibodies appeared as a thin ring (Figures 4A and 4C) . A different plane of focus revealed that the punctate cells on the same slide. These variations may indicate different phases of the cell cycle and the possibility labeling was indeed associated with the surface of the nuclear membrane ( Figures 4B and 4D ), as are kinetothat each presenilin localizes to a specific subset of kinetochores, or they may merely reflect differential chores in interphase cells. The fact that both the N-terminal and the loop antibodies gave the same labelavailability of the epitopes. ing pattern established that the PS2 protein (and not a cross-reacting epitope) is present in the nuclear memColocalization of PS1 with Centrosome, Nuclear Membrane, and Kinetochore Antigens brane and the kinetochore-like structures.
Affinity-purified antibodies directed against the N-terminal and the major hydrophilic loop region of PS1 deColocalization of PS2 with Centrosome, Nuclear Membrane, and Kinetochore Antigens tected the full-length protein and the expected proteolytic fragments (Mercken et al., 1996; Thinakaran et al., To confirm the localization of PS2 to the centrosomes, nuclear membrane, and kinetochores, we performed a 1996) in Western blots of FLAG-PS1-transfected COS and centrosome labeling is due to the presenilin proteins and not a cross-reacting epitope. and gold-coupled protein A. Several hundred single gold particles associated with the nuclear envelope were scored as to whether they were on the nucleoplasmic cells ( Figure 2D ). In primary fibroblasts, only the PS1 proteolytic fragments were detected ( Figure 2E ). Absurface of the inner nuclear membrane, the cytoplasmic surface of the outer nuclear membrane (which is sorption with the immunogen abolished the labeling.
When fibroblasts in culture were colabeled with either contiguous with and can be considered part of the endoplasmic reticulum), or between the two membranes. This of the two PS1 antibodies and one of the specific human centrosome, nuclear membrane, or kinetochore antisera showed that 3.0 (N-terminal antibody) and 2.4 (loop antibody) times as many particles lined the nucleoplasmic described above, the colocalized labeling appeared identical to that generated by the PS2 antibodies (Fig- surface of the inner membrane compared to the cytoplasmic surface of the outer membrane. Only some 10% ure 6).
of gold particles were located between the two membranes.
PS1 Knockout Mice Lose PS1 but Not PS2 Centrosome and Nuclear
These results indicate that (a) in the region of the nuclear envelope, the majority of the presenilin protein Membrane Labeling An opportunity to test further the specificity of our premolecules are associated with the inner nuclear membrane rather than the ER-contiguous outer nuclear senilin antibodies became available during the review of the manuscript. A PS1 "knockout" mouse was remembrane and (b) both the N-terminal and the large hydrophilic loop regions of PS2 face the nucleoplasm or ported by Tonegawa and colleagues (Shen et al., 1997) , and they kindly made tissue available for immunothe cytoplasm, depending on which nuclear membrane (inner or outer) they reside in. This latter analysis (see cytochemistry. As shown in Figure 7 , neither the PS1 N-terminal nor loop antibody was able to label any cellu- Figure 2 ) extends the conformation findings of Greenwald (1996), De Strooper et al. (1997) , and Doan lar structure in PS1 Ϫ/Ϫ lymphocytes above background, while a corresponding PS2 antibody's labeling of the et al. (1996) , who used differential permeabilization and immunofluorescence to show that the same two hydronuclear membrane and centrosome was identical to that seen in cells from phenotypically normal litter mates.
philic regions of PS1 and the C. elegans presenilin homolog, SEL-12, face the cytoplasm in transfected cells Similar results were also obtained with fibroblasts from these mice, which show more clearly the punctate naoverexpressing the proteins in the endoplasmic reticulum. ture of the nuclear membrane labeling. These results provided a final demonstration that the punctate nuclear
In addition to single gold particles, we also observed occasional clusters of particles associated with uranylkinetochore binding proteins or receptors ("kinetoceptors") to anchor and to organize the chromosomes on acetate-staining structures projecting from the nucleoplasmic surface of the inner nuclear membrane (Figure the inner nuclear membrane during interphase. In this role, the presenilins might bind DNA directly with special 8), consistent with the punctate, kinetochore colocalization of the presenilins determined by immunofluoresaffinity for centromeric sequences, or they might interact with kinetochore proteins, either directly or possibly cence. Such structures were often associated with a parallel array of ‫01ف‬ nm fibers (see Figure 8A) . The through microtubules. Indeed, in the likely orientation of the presenilins in the nuclear membrane (Figure 2) , peripheries of the similarly filamentous centrosomes were also highly labeled ( Figures 8C and 8D) .
the two largest (and most diverse) hydrophilic regions of the two proteins (the N terminus and loop 6) would be oriented toward the nucleoplasm where they could Discussion interact with kinetochores and other intranuclear structures and proteins. We have obtained immunocytochemical evidence that, in normal dividing cells, the Alzheimer presenilin proIn order for a cell to leave G1 and enter mitosis, the kinetochores and their associated chromosomes must teins are primarily located in the nuclear membrane, in the centrosomes, and in spots on the inner nuclear be released from the surface of the inner nuclear membrane and its associated proteins such as the presenilmembrane associated with interphase kinetochores. These results have several potential implications for the ins. Two possible ways in which the putative presenilin binding to centromeres/kinetochores might be reguphysiological and pathological functions of the presenilins. lated during this process are by phosphorylation and/ or by proteolytic cleavage. It is therefore interesting that The most straightforward interpretation of the results is that presenilin function is related to chromosome orthe N-terminal, and possibly the loop 6, regions of the presenilins, which face the nucleoplasm, are phosphoryganization and segregation and, potentially, to mitosisspecific gene expression. More specifically, their nulated in vivo by casein kinase 2 (Walter et al., 1996) and in vitro by the cdc-2 kinase (J. L. and H. P., unpublished clear membrane and kinetochore localization suggests that one function of these proteins may be to serve as data; see Li et al., 1995, for discussion) and that both , 1996) .
In addition to chromosome segregation, mitosis is APP processing and lead to the increased levels of A␤ 1-42 that has been observed in presenilin mutant individuals, also characterized by changes in gene expression. An indication that the presenilins may be involved in gene cell lines, and transgenic mice (Martins et al., 1995; Duff et al., 1996; Scheuner et al., 1996; Citron et al., 1997) . expression is provided by the finding that they function in the Notch signaling pathway in C. elegans (Levitan Consistent with this possibility is the finding that PS1 and PS2 antibodies strongly immunolabel the cytoplasm and Greenwald, 1995) that controls the asymmetric character of cell division and the differential expression of neurons in brain sections and in culture (Elder et al., 1996; Kovacs et al., 1996; Moussaoui et al., 1996 ; J. L. of specific genes during development. Since mutations in LIN-12 (C. elegans Notch) change the pattern of cell and H. P., unpublished data). Perhaps in neurons, the presenilins have a dual function involving both cytodivision during development, it seems possible, in the light of the results described here, that the regulatory plasmic and nuclear membranes. Another hypothesis for presenilin pathophysiology, activity of SEL-12 on LIN-12 may involve alterations in chromosome packaging and segregation during mitowhich we favor, is based on our finding that the presenilins are associated with three subcellular structures that sis. In addition, the proteolytic cleavage of the presenilin proteins into two parts is reminiscent of the fact that are all involved in chromatin organization-the nuclear membrane, interphase kinetochores, and centrosome. Notch function requires a similar cleavage that releases its C terminus and allows it to translocate to the nucleus Specifically, we suggest that the point mutations in the presenilin genes that cause FAD may affect the ability (Artavanis- Tsakonos et al., 1995; Kopan et al., 1996) . A specific example of a family of cleavable nuclear memof the presenilin proteins to link the chromosomes to the nuclear membrane and to release them at the approbrane-bound transcription factors is provided by the SREBPs, which are proteolytically cleaved in the abpriate time during mitosis, thus leading to chromosome missegregation and consequent abnormalities such as sence of sterol to release their DNA binding domain (Brown and Goldstein, 1997) . Perhaps the presenilins inappropriate apoptosis. How could chromosome missegregation lead to Alzfunction as transcription factors that are activated in a similar manner.
heimer's disease? It has been known for some time that individuals with trisomy 21 (Down syndrome) invariably The localization of the presenilins to intracellular membranes suggests a number of mechanisms by develop Alzheimer neuropathology by age 30-40 (for discussion, see Schweber, 1985; Potter, 1991) . This fact which mutant forms of the proteins could adversely affect cellular physiology and cause Alzheimer's disease.
implies that three copies of chromosome 21 are capable of causing Alzheimer's disease, possibly through the An early proposal was that the presence of the presenilin later age owing to the modulating effect of the majority population of normal diploid cells. Support for this model has come from various sources (reviewed in Potter et al., 1995) . Most relevant to this paper are two recent studies that have found defects in mitosis in Alzheimer's disease patients. In one, several phosphorylation-specific antibodies that normally label only cells in mitosis were found to label neurons in the brains of Alzheimer patients, indicating the aberrant presence of mitosis-specific phosphoepitopes (Vincent et al., 1996) . More directly, we have used fluorescence in situ hybridization to determine the frequency of aneuploidy, particularly chromosome 21 trisomy, in fibroblasts from Alzheimer and normal individuals Potter and Geller, 1996 ; L. N. Geller and H. P., unpublished data). Cells from AD patients exhibited more than twice the frequency of trisomy 21 than did cells from age-matched, normal individuals. Significantly, many of the Alzheimer patients from which these fibroblast cell lines were derived have since been shown to carry FAD mutations in either PS1 or -2 ( Levy-Lahad et al., 1995a; Rogaev et al., 1995; Sherrington et al., 1995) .
Several potential mechanisms could explain how trisomy 21 or other aneuploid cells generated by FADmutant presenilin proteins could lead to Alzheimer's disease. For example, aneuploid cells might be prone to apoptosis. Indeed, cortical neurons from Down syndrome fetuses undergo spontaneous apoptosis in vitro (Busciglio and Yankner, 1996) . Such apoptosis could lead to neurodegeneration directly, but it could also (indirectly) affect APP processing and the production of the A␤ peptide. Support for this latter possibility is provided by the findings that apoptosis-prone Down syndrome fetal brains contain a higher ratio of the pathogenic A␤ 1-42 compared to A␤ 1-40 (Teller et al., 1996) and that inducing apoptosis in normal human neurons by serum starvation increases their secretion of the A␤ peptide (LeBlanc, 1995) . A direct connection between the presenilin genes and apoptosis is indicated by the finding that the overexpression of even normal presenilin Vito et al., 1996a Vito et al., , 1996b . In addition to stimulating apoptosis, aneuploidy (in particular, trisomy 21) promotes inflammation in the unbalanced expression of a gene or genes, such as brain-a necessary component of the Alzheimer patho-APP, on chromosome 21. In considering the possible genic pathway that leads to neurotoxicity (Potter et al., relationships between Down syndrome, trisomy 21, and 1995) . Such inflammation and its acute phase response Alzheimer's disease, we developed a hypothesis that characterize both Down syndrome and Alzheimer's dissuggested that both the genetic and sporadic forms of ease brains and evidently arise from the activation of Alzheimer's may arise from the progressive accumulaastrocytes by IL-1 released from hyperactive microglial tion of cells with three full copies of chromosome 21 cells (Abraham et al., 1988; Griffin et al., 1989 ; Das and during the life of the individual (Potter, 1991) . Such tri Potter et al., 1995) . Unlike neurons, astrosomy 21 mosaicism, generated by aberrant chromocytes and microglia still undergo cell division in the adult some segregation during mitosis, could lead to Alzheibrain and therefore would be particularly sensitive to mer's disease through the same mechanism by which chromosome missegregation induced by mutant presenilin genes. Down syndrome patients develop the disease, but at a
Production of GST-Presenilin Fusion Proteins
In sum, the data of this paper indicate that a normal To construct plasmids encoding the N-terminal or hydrophilic loop physiological function of the Alzheimer presenilin pro-6 portion of PS1 or -2 tagged with GST, the cloned cDNAs (Li et al., teins may be related to mitosis and chromosome organi-1995) were used as templates for PCR, using the following four pairs zation/segregation. In this role, the presenilins may bind of primers:
DNA directly, or they may serve as "kinetoceptors," link- expression of oncogenes and tumor suppressor genes (Varmus and Weinberg, 1993; Lengauer et al., 1997) .
Immunological Techniques
Indeed, the product of the tumor suppressor gene p53 is viduals, indicating a slow breakdown in the orderly segAffinity purification of the antibodies was carried out using GST regation of chromosomes during the aging process (for fusion protein columns according to Koff et al. (1992) with minor review, see Stone and Sandberg, 1995) . Perhaps differmodifications. In brief, dimethylpimelimidate (DMP) was used to ent degrees and types of aneuploidy underlie many mancross-link either GST or GST-PS fusion protein to glutathione-sepharose beads. Crude rabbit antiserum was first precipitated by caifestations of "normal" aging in addition to predisposing prylic acid and passed over three successive GST columns to abto Alzheimer's disease when chromosome 21 is afsorb antibodies to GST. The flow-through was collected, applied fected.
to, and eluted from the appropriate GST-PS fusion protein column.
Antibodies used for immunocytochemistry also included a human scleroderma autoimmune serum against lamin (LS1; McKeon et al.,
Experimental Procedures
1983), a human scleroderma autoimmune serum that specifically recognizes centrosomes (5051; Tuffanelli et al., 1983) , and the 5944 Generation and Transfection of FLAG-Tagged PS1 scleroderma CREST autoimmune serum against kinetochores (a gift and PS2 Expression Plasmids from F. McKeon). Primary human fibroblasts, human lymphoblastoid To generate cDNA encoding human PS1 or PS2 with the FLAG tag cells, or monkey COS 1 cells were cultured on (or harvested and at the N terminus, sense primers were designed for PCR to contain attached to) coverslips, fixed and permeabilized with 4% formaldea BamHI site, an initiation consensus sequence, the FLAG epitopehyde and 0.1% Triton X-100 in PBS. Detections were carried out encoding sequence (GACTACAAGGACGACGATGACAAG), and 18 using either the ABC kit (Vector) or immunofluorescent goat antint of the human PS1 or PS2 cDNA following the initiation codon.
rabbit or donkey anti-human secondary antibodies (Jackson ImmuThe antisense primers contained an EcoRI site and the sequences noResearch). complementary to the 20 nt of the PS1 or PS2 cDNA ending at the stop codon. To link the FLAG tag to the C terminus of PS1 or PS2, the sense primers were designed to contain a BamHI site and 17
Electron Microscopy Primary human fibroblasts growing on tissue culture plastic were nt of PS1 or PS2 cDNA starting at the initiation codon; the antisense primers contained a EcoRI site, a stop codon, the FLAG-encoding fixed in 7% formaldehyde, 0.25 M sucrose, 0.03% CaCl 2, and 0.05 M cacodylate buffer (pH 7.4) and postfixed with 0.5% OsO 4 for 15 sequence, plus the sequence complementary to the 17 nt of PS1 or PS2 cDNA immediately before the stop codon. The PCR products min. The cells were washed in 0.1 M maleate buffer (pH 5.0), treated with 1% uranyl acetate (pH 5.0) for 15 min, and washed. Following were digested with BamHI and EcoRI and subcloned into pcDNA3.
COS cells in culture were transfected with pcDNA3 vector alone, graded alcohol dehydration and propylene oxide treatment, the cells were embedded in a mixture of Epon 812 and Araldite, which was 5Ј-FLAG-PS1/PS2, or PS1/PS2-3Ј-FLAG by electroporation (Potter et al., 1984) and, 48 hr later, harvested in either PBS or 50 mM Trisallowed to polymerize at 40ЊC for three days. Confirmation of the punctate nuclear membrane labeling was obtained by immunofluoHCl (pH 8.0), 150 mM NaCl, 1 mM EDTA, containing 0.2 mM AEBSF, 1 mM EDTA, 20 M Leupeptin, and 1 M Pepstatin and briefly rescence on 0.5 m sections etched with saturated NaIO 4. Ultrathin sections on nickel grids were etched as above, washed with PBS, sonicated. The membrane fraction was recovered by microcentrifugation at 4ЊC at maximum speed for 30 min and resuspended 50 incubated for 1-2 hr with PS2 loop or N-terminal antibodies (1:5-1:20 dilution), washed, incubated with protein A coupled to 10 nm gold mM Tris-HCl (pH 7.4) 150 mM NaCl with protease inhibitors.
